NOISE  LEVELS  ON  AIRCRAFT-CARRIER  FLIGHT  DECKS, 
AND  THEIR  EFFECTS 

Updated  measurements  at  NATC  and  aboard  USS  KITTY  HAWK  show  degradation 
of  speech  communications  and  risk  of  deafness  to  personnel 
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Measurements  were  made  of  noise  levels  produced  by  four  aircraft  during  pilot  qualification 
exercises  aboard  the  flight  deck  of  USS  KITTY  HAWK.  These  measurements,  on  both  the  A- and  C- 
frequeney  weighting  networks,  were  augmented  by  calculations  of  speech-interference  levels  made 
later  from  tape  recordings.  These  data  were  compared  to  similar  measurements  made  at  the  Naval 
Air  Test  Center  at  Patuxent  River.  Mil.,  and  interpreted  in  terms  of  deafness  risk  and  interference 
with  speech  communications.  The  levels  measured  on  the  carrier  showed  large  amounts  of  low- 
frequency  energy  (at  octaves  centered  at  (>2  and  125  II/)  not  present  in  the  data  taken  ashore: 
this  variation  is  ascribed  to  the  presence  of  blast  deflectors  on  the  carrier  and  to  the  effects  of 
strong  wind  across  the  deck  and  the  measuring  microphone  in  its  wind-screen.  The  noise  levels 
measured  are  shown  to  severely  degrade  speech  communications  and  to  present  a  risk  of  deafness 
to  personnel. 
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PROBLEM 

Measure  the  noise  levels  produced  by  a  i  rent  It  laudine  on  anti  ta  k  i  nu 
off  from  flight  decks  of  aircraft  carriers.  Assess  these  levels  in  terms  ol 
(1  )  the  hearine  ha/artls  they  present  to  personnel  exposed  to  them  for 
various  periods  of  time,  with  van  iny  decrees  of  ear  protection,  and  f  2 )  the 
extent  to  which  they  dcurade  speech  communication. 

RESULTS 

1.  Pre-launch  noise  measurements  of  l;-4  anil  A4  a i rc ra It  operatine  "If 
l!SS  Is  I  I  IV  1 I  AWk  anil  of  1-4.  A4.  A 5 .  and  ,V>  aircral  l  in  erouud  t.wts  at 
the  Nasal  Air  Test  Center  show  levels  til  manned  positions  (  50  leel  at  ru)  i 
between  1  22  and  1  57  dlf.A  at  military  power,  and  up  to  10  dl’>  ercaler  u  hen 
the  afterburner  is  operatine. 

2.  When  ni'ise  exposures  were  predicatetl  on  a  I  2-hour  cyclic  ait 
operation,  hearine  ha/ards  were  predicted,  even  when  current  car-protection 
devices  were  utilized. 

5.  Direct  observation  together  with  calculation  of  speech-interference 
levels  indicated  significant  decrement  in  voice  communication  under  itieh- 
noise  conditions. 

RECOMMENDATIONS 

1.  Take  immediate  steps  to  correct  the  problem,  first  In  acquainline 
designers,  and  administrative  and  medical  and  operatine  personnel,  with  the 
hazards  inherent  in  hielt  noise.  Require  wider  distribution  and  better 
maintenance  of  protective  equipment,  and  conduct  annual  audiometric 
tests  on  flight-deck  personnel. 

2.  At  the  noisier  locations,  improve  hearine  protectors  and  prov  ide 
better  noisc-cancellinj’  microphones  or  microphone  noise  shields. 

5.  In  future  aircraft  desien  and/or  flieht-deck  operations,  consider 
noise  reduction  ;i  major  objective. 

4.  Perform  investigations  on  the  effects  of  w  ind-  and  hlasl-dellector- 
eeneraled  noises  on  human  performance. 

ADMINISTRATIVE  INFORMATION 

Work  w  as  performed  under  SI  14  224  00 1 .  Task  4') 5b  (MIC 
B5()5)  by  members  of  the  Human  I  -'actors  I  eclmoloc_,  Division  tin  fine  the 
period  I  July  51  December  1‘CO.  I  he  report  was  approved  tor  publica¬ 
tion  50  April  1  '47  I . 
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INTRODUCTION 

There  is  probably  no  harsher  noise  environment  in  which  people 
must  perform  complex  and  vital  jobs  than  on  the  night  deck  of  an  aircraft 
carrier  operating  with  multi-engine,  high-performance  jet  aircraft.  The  high 
noise  levels  not  only  degrade  speech,  communication  but  present  a  risk  of 
deafness  or  hearing  loss  to  the  personnel  exposed  to  them  for  various  periods 
of  time.  Precautions  against  these  hazards  include  hearing-protective 
devices  for  personnel,  and  specially  designed  flight-deck  radios. 

The  primary  objective  of  the  study  reported  here  was  to  update  past 
noise-level  measurements  on  aircraft  to  include  some  of  the  newer. id  air¬ 
craft  and  to  interpret  these  measured  levels  and  the  period-,  over  which 
personnel  are  exposed  to  them  in  terms  of  speech  interference  and  hearing 
damage.  In  making'the  measurements,  special  note  was  taken  of  the 
proximity  of  personnel  to  the  noise  sources. 

A  secondary  objective  is  to  study  the  discrepancies  between  the  data 
produced  by' measurements  made  on  land  and  those  made  aboard  CVA's 
(where  blast  deflectors  and  approximately  30  knots  of  wind  across  the  bow 
may  affect  the  sound  levels). 

•  The  study  involved  measurement  of  noise  levels  f  I )  during  a 
carrier-qualification  (CARQUAL)  operation  on  USS  KITTY  HAWK*  and 
(2l  at  the  Naval  Air  Test  Center  at  Patuxent  River.-'-''  (See  list  of  refer¬ 
ences  at  end  of  report.)  The  aircraft  involved  were  an  A4  Skyhawk.  an 
RA5  Vigilante,  an  Ah  Intruder,  and  an  i:4  Phantom.  The  data  obtained 
are  presented  in  the  following  sections. 

THE  SHIPBOARD  ENVIRONMENT 

Before  presenting  and  analyzing  the  measurements,  a  brief  descrip¬ 
tion  of  the  operational  situation  on  a  carrier  flight  deck  will  be  helpful  in 
understanding  the  nature  of  the  noise  problem  it  presents.  Figures  1 
through  6  are  photographs  of  men  engaged  in  representative  tasks  involved 
in  launching  and  recovery  of  aircraft. 

Figure  1 A  shows  an  A4  being  taxied  along  the  deck  in  a  slight 
cross  wind.  Note  personnel  hanging  onto  the  wing  and  riding  along  to  help 
stabilize  the  aircraft.  Figure  1 13  shows  a  crash  and  salvage  crew  standing  by 
an  A4  which  has  just  been  released  from  the  arresting-gear  wire. 

Figure  2  shows  an  RA5  (A)  being  launched  with  afterburners,  and 
(B)  being  recovered.  In  both  cases  deck  personnel  are  within  very  close 
range.  In  the  afterburner  pass-by.  noise  levels  reach  or  exceed  145  dB. 

Figure  3  shows  an  A 6  being  launched  from  the  waist  catapults  on 
the  angled  deck.  Note  a  Director  signaling  another  pilot  to  taxi  his  aircraft 
along  the  deck. 

In  figure  4,  the  bridle  crew  is  seen  preparing  to  hook  up  an  F4  to  the 
catapult:  in  another  view,  the  F4  is  bridled  into  place  and  is  being  handed 
over  by  a  Director  to  the  Catapult  Officer. 

Occasionally  these  operations  do  not  go  well.  Figure  5A  shows  a 
whole  contingent  of  plane  pushers  who  have  run  from  positions  in  catwalks, 
around  the  island,  or  from  the  relative  safety  of  positions  midway  between 
and  slightly  forward  of  the  catapults  (fig.  513)  to  push  a  downed  RA5  from 
off  a  catapult. 

Figure  6  shows  a  pilot  with  his  flight  helmet  off  trying  lo  talk  face- 
to-face  with  a  Director. 


Figure  3.  The  A6  Intruder  being  catapulted  from  the  angled  deck.  The  Director  is  motion¬ 
ing  for  another  aircraft  to  come  into  position  on  the  port  bow  catapult  which  has  just 
fired.  Note  the  escaping  steam. 


Those  photographs  arc  neither  posed  nor  atypical  and  show  only 
a  lew  of  the  jobs  performed  by  personnel  working  near  operating  jet  aircraft 
on  a  llight  deck.  Other  tasks  include:  (1)  rolling  under  the  aircraft  on  the 
catapult  to  check  the  bridle  and  hold-back  connectors.  (2)  inspecting  one 
or  both  afterburners  to  see  that  they  are  lit  off,  by  looking  in  from  near  the 
blast  deflectors.  (3)  running  along  beneath  the  wings  of  a  taxiing,  returning 
aircraft  and  replacing  safeties  on  the  unused  returned  ordnance,  etc.  It 
should  be  immediately  obvious  that  personnel  often  are  within  actual 
contact  with  the  aircraft  and  more  often  within  five  feet  of  it  -  and 
therefore  exposed  to  dangerously  high  sound  levels.  (Such  closeness 
presents  the  additional  physical  danger  that  a  man  may  be  sucked  into,  or 
blown  off  his  feet  by.  the  jet  engines.  Both  of  these  accidents  have 
happened,  particularly  the  latter.) 


Figure  4  An  F4  I'hanli'in  (A)  being  bnmgln  mie  r»<Mtn>ii  mi  t  In.-  pun  bow  >..iijpiili  .nn! 
(11)  \eith  bridle  in  plaee  nn  (lie  Mt.nbn.iid  turn  e.iljptill.  being  hjiided -nil  imir.  i lie  |  u  One 
Diioeini  in  i he  Caijpuli  Olikei . 
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Figure  6.  Pilot  trying  to  communicate  to  a  Director,  who  is  equipped  with  a  flight-deck 
radio,  beside  an  idling  F4.  Note  that  the  pilot  has  removed  his  helmet  and  therefore  has 
no  hearing  protection. 

NOISE  MEASUREMENTS  AT  NATO 

NOISE  LEVELS  AROUND  THE  AIRCRAFT 

Noise  levels  around  the  nose  of  four  aircraft  were  measured  at  30- 
degree  intervals  and  at  various  distances.  Results  at  a  50-foot  distance  are 
presented  in  figures  7-0.  For  the  A4  and  A6  (fig.  7)  only  the  military 
power  settings  are  shown.  For  the  A5  ( fin.  8)  and  F4  ( fig.  9)  both  military 
power  and  afterburner  noise  levels  are  plotted.  On  all  three  figures  the 
measured  overall  ('-weighted  levels  and  calculated  A-weighting  and  speech- 
interference  levels  (average  of  the  levels  in  the  three  octaves  from  300  to 
2400  II/..  called  SI l.  3/24)  are  also  plotted. 

Figure  1 0  is  a  replot  of  the  data  for  the  F4  al  military  power, 
detailing  (by  connecting  the  data  points  for  each  octave  individually)  the 
interaction  among  the  frequency  ranges  and  angle  off  the  nose.  It  can  be 
observed,  for  example,  that  the  low-frequenc\  energy  (octave  1  from  32.5 
to  75  II/,  and  octave  2  from  75  to  150  I!/)  increases  toward  the  tail  (pipe) 
of  the  aircraft. 
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NOISE  MEASURED  AT  50  ft  from 
A6  A4 
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—  _  _  CALCULATED  SIL  3/24 
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Figure  Noise  levels  of  A4  Skyhawk  and  Afc  Intruder  running  al  military  power,  meas¬ 
ured  on  a  50-l'oot  radius  at  30-degree  intervals  around  the  nose  of  the  aircraft.  C-  and  A- 
weighting  and  the  300-2400  Hz  SIL  arc  plotted.  Numbers  indicate  octave  band  levels 
centered  at  ( I )  53  Hz.  (2;  106  Hz.  (3)  212  Hz,  (4)  425  Hz.  (5)  850  Hz.  (6)  1700  Hz. 

(7)  3400  Hz.  and  (8)  6800  Hz.  (Data  from  refs.  4  and  5,  reproduced  with  permission.) 
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Figure  8.  Noise  levels  of  A5  running  (A)  in  afterburner  and  ( B)  at  military  power,  meas¬ 
ured  at  50-ft  distance  at  various  angles  C -weighting.  A-weighling.  amJ  SIL  324  levels  aie 
also  ploitcd.  Numbers  indicate  octave  band  levels  as  defined  in  figure  (Data  from 
ref.  2,  reproduced  with  permission  ) 
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180 


Figure  10.  Noise  lesels  of  F4  ji  milii.uy  pnuci  <i«o  J'uC.l  engines i  iiiea\ure<.l  .u 
50-0  distance  ji  varunis  angles,  slum  mg  h.m  eaeh  •.Hl.no  I'.nul  le\el  l..ne«  wnh  angle. 
Tlic  octaves  are  labelled  js  in  figure  ~.  (Data  liom  i el  lepnuluced  with  peiunsMon  ) 


From  f  igure  7  it  can  be  seen,  lor  example,  that  the  A6  shows  an 
A-weighted  level*  about  10  ciB  greater  than  that  of  the  A4.  The  noise  level 
of  the  A6  increases  from  about  135  dBA  in  front  (0°)  of  the  aircraft 
increasing  to  1 50  dBA.  30  and  60  degrees  off  the  tail  ( 1 20°  and  1 50° ). 

It  is  o  Iso  evident  that  the  A6  has  relatively  more  of  its  noise  energy  in  the 
higher  octaves,  7  and  <S  (above  1200  II/),  close  to  the  tail.  (Note  differences 
of  about  20  ilB  between  the  A4  and  A6  levels  for  octaves  7  and  8  at  150°.) 

When  comparing  figures  7  and  8,  note  that  the  C-weighted  levels  of 
the  A5  at  military  power  are  very  similar  to  the  A4  levels  excep*  for  a 
faster  fall-off  near  the  tail,  while  the  A5  in  afterburners  is  very  similar  to 
the  A6  at  military  power.  However,  since  the  low-frequency  energy  is 
more  predominant  in  the  A5.  especially  close  to  the  tail,  the  A-weighted 
levels  drop  off  considerably. 

From  figure  6  it  is  evident  that  the  F4  noise  levels  are  quite  similar 
to  the  A5  levels  except  that  the  A-weighted  levels  do  not  drop  off  so  fast 
near  the  tail.  Figure  10  shows  how  the  lower  octave  levels  increase  drama¬ 
tically  when  measured  closer  to  the  tail,  while  the  upper  ones  increase  at 
the  same  rate  as  the  overall  C-weighted  level. 

SPECTRAL-LEVEL  DIFFERENCES  WITH  DISTANCE 

Figures  1  1-16  show  how  the  octave  band  levels  and  the  measured 
C-weighted.  calculated  A-weighted.  and  300-2400  Hz  speech-interference 
levels  change  with  distance  from  the  aircraft  on  the  60-degree  radial.  If  all 
measurement,  power-source,  and  transmitting-medium  (air)  factors  were 
ideal,  a  plot  of  these  data  would  show  sets  of  parallel  lines  6  dB  apart  for 
each  distance  doubled.  This  is  certainly  not  the  case,  although  the  trends 
are  apparent.  For  example,  there  is  on  the  average  about  a  24-dB  difference 
between  the  closest  (12.5  feet)  and  the  furthest  (200  feet)  measurement 
points.  (For  the  A5  at  military  power  no  measurements  were  taken  at  200 
feet  and  the  difference  between  1  2.5  and  1 00  -  12.5  X  23  -  is  about  16  dB 
rather  than  the  predicted  18  dB.)  However,  the  difference  between  100  and 
200  feet  exceeds  6  dB  while  the  difference  between  1  2.5  and  25  is  usually 
(not  always)  less  than  6  dB  (for  some  octaves  there  is  a  reversal,  i.e.,  more 
energy  at  25  feet  than  at  12.5). 

These  discrepancies  between  observed  and  predicted  (theoretical) 
measurements  are  certainly  more  than  measurement  error  but  are  not 
unexpected.  There  are  many  reasons  for  expecting  such  variations  from 
theory:  ( 1 )  the  sound  source  is  not  a  point  source  nor  is  it  fixed  in  loca¬ 
tion.  (2)  the  medium  is  far  from  homogeneous  since  among  other  things 
the  turbulence  in  the  medium  js  the  sound  source  and  the  temperature 


*Sound-level  meters  conventionally  have  three  frequency-weighting  networks  called  A. 
B  and  C.  An  A-weighted  measurement  corresponds  roughly  to  how  the  car  “hears" 
the  noise  in  terms  of  loudness  and/or  interference  with  speech.  For  convenience  the 
A-weighted  level  in  decibels  (dB)  is  sometimes  called  dBA.  Whereas  A-weighted  levels 
progressively  discount  sound  energies  at  frequencies  below  1000  It/,  the  ('-weighted 
level  gives  equal  weight  to  energy  at  ail  frequencies.  C-weighted  levels,  often  called  dB. 
or  dBC.  bear  very  little  relationship  to  how  human  beings  “bear"  sound  and  are  used 
only  to  relate  levels  to  physically  oiienled  and/or  older  measurements.  B-weiglUing  is 
seldom  used.  See  Young/'  Webster  and  Klumpp.7  Webster.^  and  Webster  and  Gales** 
lot  more  details  on  how  sound  level  meter  weighting  network  levels  and  other  more 
complex  methods  of  measuring  sound  (noise)  correspond  to  subjective  attributes  of 
loudness,  annoyance,  and  speech  interference. 
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I:igure  I 7.  Octave  bands  (octaves  I  through  H 
iis  labeled  in  lig  7).  plus  A-,  and  Sll  • 
wcijili loO  noise  levels  lor  llic  A5  tunning  in 
a  I  ( oi  b  ui  no  i .  measured  <i0  degrees  oil  l  lie  nose 
at  various  disliinees.  (Data  liom  ret.  d,  re- 
pmdueed  with  permission. ) 


l  igure  14.  Octave  hands  (octaves  I  through  R 
us  labeled  in  fig.  7),  plus  C-,  A-,  and  SIL- 
weighted  noise  levels  for  the  A6  running  at 
military  power  (iwo  J5d-P-6  turbojet  engines), 
measured  60  degrees  off  the  nose  at  various 
distances.  (Data  front  ref.  4;  reproduced 
with  permissit  n.) 
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gradients  arc  large,  ;md  (3)  the  power  settings  ;i re  not  necessarily  completely 
repeatable,  l  ime  is  required  to  make  the  measurements  and  the  engine 
would  overheat  if  all  measurements  were  made  at  one  setting,  etc.,  etc. 

The  point  is  not  so  much  that  the  measurements  differ  from  perfectly 
predictable  measurements  but  that  variations  as  great  as  those  observed  here 
ilo  actually  e\ist. 

If  one  used  recordings  of  these  noises  to  simulate  typical  sound  fields 
in  a  laboratory  situation,  homogeneous  sound  fields  would  be  atypical. 
Similarly,  in  using  these  levels  to  interpret  their  effect:;  on  speech  or  hearing, 
an  error  of  about  dl)  should  be  acceptable. 

(t  should  be  noted  in  comparing  the  noise  spectra  of  the  various 
naval  aircraft  that  the  A4  and  14  have  spectral  peaks  around  1000-2000  Hz 
(A4)  and  500.  1000.  2000  11/  <!;4).  while  the  A5  spectrum  is  relatively  flat 
and  the  Ah  rises  to  about  1000  11/  and  slues  relatively  high  thereafte.  In 
afterburner  the  !;4  spectrum  has  a  broad  peak  between  200  and  3500  IS/. 

NOISE  MEASUREMENTS  ABOARD  USS  KITTY  HAWK 


COMPARISON  WITH  NATC  DATA 


The  noise  data  discussed  so  far  have  all  been  taken  from  measure¬ 


ments  made  at  the  Naval  Air  Test  Center  (NATO  in  Patuxent  River. 
Comparisons  will  now  be  made  between  the  NATC  data  and  the  noise  levels 
of  A4  and  l’4  aircraft  making  carrier-qualification  launches,  recoveries,  and 
touch-and-go  passes  on  USS  KITT  Y  HAWK.1  In  the  KITTY  HAWK  data, 
emphasis  was  on  finding  variations  of  level  at  various  communicating  posi¬ 
tions  on  the  flight  deck  and.  more  particularly,  the  time  variation  at  the 
how-cutupult-umidships-conlrol  position  on  the  flight  deck. 

From  recorded  steady-stale  portions  of  these  measurements, 
spectra  (octave  band  levels)  were  plotted  in  the  laboratory  for  three  condi¬ 
tions:  (  I )  an  A4  and  ( 2 1  an  l'4  during  military  power  (“two-finger”) 
run-ups  on  the  bow  catapults  anil  (3)  the  ambient  noise  from  A4's  and/or 
l'4's  taxiing  and  idling  in  the  near  \  ieinity  of  the  catapults.  These  results 
arc  shown  in  figures  17  and  iS.  w  ith  a  comparison  of  corresponding 
measurements  made  ashore  by  NATC. 


figure  17  shows  octave-band,  ('-weighted.  A-weighted.  and  PSIL. 
(speech-interference  levels  for  octaves  centered  at  500.  1000.  and  2000  Hz) 
levels  for  the  A4  in  a  bow-catapult  position  during  a  two-finger  run-up  on 
K1  1  TY  HAWK.  Also  shown  are  the  noise  spectra  for  the  ambient  (no 
run-up)  condition,  during  which  the  aircraft  are  taxiing  but  not  in  military 
power,  figure  IS  is  identical  to  figure  17  except  that  the  F4  is  the  noise 
source.  In  both  cases  the  data  were  chosen  for  comparison  with  those 
reported  by  NATC-'-'  because  the  30-degree  angle  and  50- foot  distances 


closely  correspond  to  conditions  of  the  NATC  measurements. 

it  is  immediately  apparent  in  comparing  the  onboard  noise  levels 
with  those  measured  ashore  that  there  isa  strong  concentration  of 
h*w  frequency  energy  measured  onboard.  It  is  possible  that  in  the  case  of 
the  ambient  noise,  the  high  level  may  include  the  noise  generated  by  the 
presence  of  at  least  30  knots  of  wind  across  the  microphone  of  the  sound- 
I'wel  meter.  This  effect  is  well  known  ^  but  has  not  been  documented 
accurately  enough  to  permit  suitable  corrections.  In  any  case,  the  wind 
which  blows  across  the  microphone  of  the  sound-level  meter  is  generating 
similar  noise  around  a  person's  ears  and  around  the  microphones,  carmul'fs. 
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Figure  17.  Octave  band  plus  C-.  A-.  and  SIL- 
weightcd  noise  levels  for  the  A4  running  at 
military  power,  measured  on  a  bow  catapult 
of  USS  KITTY  !  IAWK  (•).  Also  shown  is 
ambient  noise  (x)  on  (light  deck  of  KITTY 
HAWK  with  F4's  and/or  A4's  idling  or  taxiinu 
(Data  from  ref.  1.)  Shaded  area  encompasses 
noise  levels  measured  40  degrees  off  the  nose 
of  an  A4  at  50  and  100  feel,  as  reported  by 
ref.  5. 
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Figure  18.  Octave  band  plus  C-.  A-.  and  SIL- 
weighted  noise  levels  for  F4  running  at  mili¬ 
tary  power,  measured  on  a  bow  catapult  of 
USS  KITTY  HAWK  (•).  Also  shown  is  am¬ 
bient  noise  (x)  on  flight  deck  of  KITTY 
HAWK  with  F4’s  and/or  A4’s  idling  or  taxiing. 
(Data  from  ref,  1.)  Shaded  area  encompasses 


noise  levels  measured  50  degrees  off  the  nose 
of  an  F4  at  50  and  100  feet,  as  reported  in 
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;nul  headsets  of  communication  and/or  ear-protective  devices. '  '  1  he 
amount  of  masking  introduced  by  a  50-knol  wind  is  about  52  dB  in  the 
speech  range  anil  can  be  reduced  by  a  little  more  than  10  cl  13  bv  using  ail  ear 
wind-screen.*  *  In  the  KITTY  HAWK  measurements  made  by  the  Nb.LC 
team,  the  exact  amount  of  "masking"  introduced  by  the  wind  across  the 
(ieneral  Radio  ceramic  microphone  (which  was  used  in  an  appropriate 
wind-screen)  is  not  known. 

l  hc  contribution  of  wind  to  ambient  noise  suggests  two  problems 
requiring  further  investigation:  (  1 )  what  wind  corrections  are  required  in 
the  physically  measured  data  and  (2)  how  much  noise  is  generated  by  the 
w  ind  on  acoustic  transducers  and  hearing  protectors  used  as  integral  parts  of 
llight -deck  communication  equipments. 

The  presence  of  excessive  low-frequency  energy  in  the  A4  and  F4 
spectra  cannot  be  explained  by  wind  across  the  measuring  microphone.  The 
wind  does  not  increase  during  a  two-finger  run-up.  yet  the  low-frequency 
energy  increases  I  2  dB  (fig.  I  7)  or  IS  dB  dig.  IS).  The  explanation  that 
first  comes  to  mind  points  to  the  presence  of  the  blast  deflector  aboard  and 
the  absence  of  it  ashore.  Pure  speculation  is  (  1)  that  low-frequency  energy 
is  generated  by  the  jet  blast  impinging  on  the  deflector  or  (2)  that  the  noise- 
generating  vortices  are  deflected  up  off  the  deck  or  to  the  sides  of  the 
deflector.  I'he  hypothesis  is  that  the  noise  is  generated  above  or  at  the 
sides  of  the  deflector  instead  of  behind  the  tailpipe,  thereby  actually 
bringing  the  source  closer  to  the  measuring  microphone  (and  men)  ahead  of 
the  aircraft.  This  speculation  should  be  followed  up  with  tests  and  measure¬ 
ments  to  verify  or  refute  it. 

DETRIMENTAL  EFFECTS  OF  FLIGHT-DECK  NOISE 

DEAFNESS  RISK  TO  PERSONNEL 

Although  hearing  damage  is  a  medical  problem  and  not  the  primary 
concern  of  engineers  designing  communications  equipment,  it  was  never¬ 
theless  deemed  necessary  and  desirable  in  this  report  to  reevaluate  deafness 
risk  in  terms  of  the  measured  noise  levels  of  current  aircraft  operating  with 
today's  schedules.  This  is  considered  necessary  if  for  no  other  reason  than 
to  caution  communication  engineers  that  their  equipment  should  not  be  the 
last  straw  that  makes  the  total  noise  environment  potentially  deafening  to 
the  men  in  it. 

The  problem  of  noise-induced  hearing  loss  was  recognized  as  soon  as 
jet  aircraft  were  put  aboard  carriers.  *  -  Programs  of  noise  measurement  and 
hearing  monitoring  were  carried  out  with  the  general  conclusions  that  with 
care  (  primarily  wearing  earmuffs  and  giving  annual  audiometric  tests),  no 
danger  of  noise-induced,  permanent  hearing  loss  existed.  Subsequently,  a 
group  of  academic,  military,  and  industrial  audiologists  working  under  the 
auspices  of  CI1ABA  (Committee  on  Hearing  and  Bio-Acoustics)  developed 
predictive  formulas  for  evaluating  exposure  to  noise  as  a  correlative  of 
hearing  impairment  or  deafness.  An  industrial  safety  engineer.  J.  II. 
Botsford. ' refined  these  formulas,  and  in  070  an  intersocietv  committee *7 
brought  the  predictive  methods  up  to  date.  Table  1  (from  ref.  15)  is  a 
simplified  summary  of  their  findings  of  acceptable  exposures  to  noise  as  a 
function  of  the  number  of  times  such  exposures  occur  daily. 

The  noise  levels  to  which  flight-deck  personnel  are  exposed  varies 
according  to  what  flight  operations  (ops)  are  scheduled  and  where  the  man 


TABLE  1 .  ACCEPTABLE  EXPOSURES  TO  NOISE  IN  dBA  AS  A  FUNCTION 
OF  THE  NUMBER  OF  OCCURRENCES  PER  DAY.* 


Daily 

Duration 

Number  of  times  the  noise  occurs  per  day 

Hours 

Min 

1 

3 

7 

15 

35 

75 

160  up 

8 

90 

90 

90 

90 

90 

90 

90 

6 

91 

93 

96 

98 

97 

95 

94 

4 

92 

95 

99 

102 

104 

102 

100 

2 

95 

99 

102 

106 

109 

1 14 

1 

98 

103 

107 

110 

115 

30 

101 

106 

110 

115 

15 

105 

110 

115 

8 

109 

115 

4 

113 

To  use  the  table,  select  the  column  headed  by  the  number  of  times  the  noise  occurs  per  day,  read  down  to  the  average  sound 
level  of  the  noise  and  locate  directly  to  the  left  in  the  first  column  the  total  duration  of  noise  permitted  for  any  24  hour  period. 
It  is  permissible  to  interpolate  if  necessary.  Noise  levels  arc  in  dBA. 

•From  ref.  15,  p,  23. 


is  on  the  deck.  Concerning  flight-ops.  two  typical  eases  will  be  cited: 
carrier  qualifications  (CARQUALS)  and  cyclic  air-ops  off  Southeast  Asia. 

In  CARQUALS,  pilots  continually  launch  and  land  until  they  are 
“qualified.''  Figure  19  shows  the  A-weighted  sound-pressure  levels 
measured  over  a  45-minute  period  of  continuous  launchings  of  A4  and  F4 
aircraft.  The  ambient  noise  is  produced  by  the  same  aircraft  taxiing  onto 
the  catapults.  The  recordings  were  taken  just  aft  of  the  instrument  panel 
which  is  located  between  and  forward  of  the  bow  catapults.  Many  men 
gather  in  their  assigned  locations,  waiting  to  help  in  case  of  emergencies. 
Many  personnel  are  in  even  noisier  locations  as  shown  in  figures  1  -6.  The 
sequence  shown  in  figure  1 9  could  run  in  roughly  a  45-minute  “on"  cycle 
(as  shown)  with  an  “off  cycle  of  15  minutes  to  a  few  hours,  for  IS  hours 
a  day.  but  only  for  a  4-  to  8-day  cycle. 

Another  representative  case  is  that  of  the  cyclic  air-ops  schedules 
carried  on  at  Yankee  (  Dixie)  station  in  WF.STPAC.  Figure  20  is  an  estimate 
ol  the  time  sequence  of  noise  levels  during  a  1  2-hour  cyelie-air-ops  schedule. 
It  is  based  on: 

1.  Aircraft  noise  levels  shown  in  figures  7  through  I  <S . 

2.  Changing  noise  levels  during  launching  sequences  similar  to 
figure  19. 

3.  Resting  noise  levels  (non-air  ops)  typical  of  interior  spaces.  Un  17 

Further  assumptions  applied  to  the  data  in  figures  7-19  that  lead  to 
figure  20  are: 

4.  The  A3  and  Ab  aircraft  operating  on  WFSTPAC  C'VA's  are  about 
5  dB  noisier  than  the  F4  and  A4. 


Figure  20.  Estimated  daily  noise  exposures  for  men  working  on  flight 
deck  during  12-hr  cycle  air  operations.  It  is  assumed  that  ( I )  the  men 
will  not  wear  hearing  protection  until  the  aircraft  engines  are  started 
that  is,  when  ground-support  equipment  is  producing  noise  levels 
averaging  around  80  dBA  and  (2)  they  will  wear  carmuffs  or  plugs  once 
the  engines  have  started. 


5.  The  noise  levels  at  the  Bow  Catapult  Officer’s  location  are  typical 
of  the  noise  levels  from  this  position  all  the  way  aft  on  the  flight  deck  (and 
the  area  forward  of  his  position  is  quieter  and  not  covered  In  figure  20).  It 
is  apparent  (figs.  1-0)  that  many  personnel  are  at  noisier  locations  (closer  to 
the  tailpipe  and/or  noise-generating  vortex).  Many  arc  at  less  noisy  positions 
(distances  Beyond  100  feet). 

6.  The  30-second-on.  30-to-(>0-sccond-ol  f  duty  cycle  shown  in  figure  l(> 
as  lasting.  45  minutes  for  C'ARQUALS  lasts  for  roughly  15  minutes  during  a 
cyclic  air-ops  launch.  The  15  minutes  prior  to  the  launch  and  the  15  minutes 
of  recovery  after  the  launch  are  at  the  ambient  level  shown  as  the  haw  level 
in  figures  I  7.  I  <S.  and  1 0. 

7.  The  3-second  roll-by  peaks  (rising  to  140  dBA  as  shown  in  the 
detailed  time  trace  of  figure  14)  that  accompany  each  launch  occur  roughly 
30  times  in  the  1  5-minute  launch  cvclc  ( or  for  a  tola!  of  1 .5  minutes). 


8.  Tile  passive  or  flight-deck  radio  “Mickey  Mouse”  earmulls  provide 
an  average  of  20-dB  attenuation*  when  worn. 

9.  The  muffs  are  worn  only  when  the  jet  aircraft  engines  have  started 
that  is.  when  the  levels  in  figure  20  exceed  80  dBA. 

10.  The  exposure  to  levels  between  65  and  80  dBA  are  intermittent 
because  the  ground-support  equipment  moves  around  over  the  deck  exposing 
different  people  for  different  amounts  of  time  (estimated  50-percent  duty 
cycle). 

1  1.  The  exposure  levels  between  90  and  1  10  dBA  (peaks  to  125)  with 
the  men  wearing  earmuffs  are  intermittent  with  a  duty  cycle  of  50  percent 
because  on  the  average  during  cyclic  air-ops  two  aircraft  per  minute  are 
launched  for  roughly  15  minutes. 

Assuming  these  eleven  conditions,  the  shaded  areas  in  figure  20  really 
represent  the  noise-exposure  contour  because  ( 1 )  at  levels  less  than  80  dBA 
(before  aircraft  engines  are  started)  no  one  wears  earmuffs  and  (2)  at  levels 
above  80  dBA  (once  the  engines  have  started)  everyone  on  the  flight  deck 
wears  muffs.  Daily  exposures  would,  therefore,  be  roughly  (1)  between  1  10 
and  125  dBA  (call  it  115  dBA),  1.5  minutes  X  8  cycles  or  12  minutes/ 12 
hours;  (2)  at  1 10  dBA,  7.5  minutes  X  8  cycles  or  60  minutes  /  1 2  hours; 

(3)  at  90  dBA,  30  minutes  X  8  cycles  or  240  minutes  / 1 2  hours.  Interpreting 
these  exposures  in  terms  of  the  1970  intersociety  committee’s  concensus 
report,  table  1  shows  that  for  8  cycles  per  day  (use  the  7  column): 

1.  115  dBA  could  be  tolerated  for  15  minutes  instead  of  the  12- 
minute  exposure  calculated  above. 

2.  110  dBA  could  be  tolerated  for  30  minutes  but  the  calculated 
exposure  is  60  minutes,  and 

3.  00  dBA  could  be  tolerated  for  8  hours  and  its  exposure  is 
calculated  at  4  hours. 

The  implication  is  that  unless  the  launch-recovery  cycles  are 
reduced  by  one-half,  or  unless  the  muffs  attenuate  23  dB  rather  than  20  dB, 
a  deafness  hazard  exists.  If  nothing  more,  the  calculations  show  that  the 
exposures  are  at  or  near  the  damage-risk  area.  This  should  indicate  the  need 
for  a  continual  search  for  better  earmuffs.  and  measurement  of  noise  levels 
and  hearing  losses  on  a  continuing  basis. 

In  addition  to  shortening  the  air-ops  cycle  and  providing  the  best 
possible  ear  protection,  two  steps  should  be  taken  immediately  to  minimize 
deafness  risk:  (  I )  the  liquid-filled  sealing  pads  for  the  “Mickey  Mouse” 
muffs  and/or  radios  (SRC-22(V))  should  be  replaced  whenever  the  seal  is 
broken  and  at  least  once  a  year,  and  (2)  as  part  of  the  routine  announcement 
over  the  flight-deck  announcing  system  (5  MC)  prior  to  starting  engines,  a 
statement  should  be  added  to  the  effect.  “  .  .  .  .  all  people  without  hearing 
protectors  leave  the  flight  deck,  all  others  don  your  earmuffs  stand  by  to 
start  engines." 


*Based  on  the  fact  that  the  scaling  rings  on  muffs  found  on  CVA's  tire  in  notoriously  bad 
condition  hard,  brittle,  torn,  missing,  repaired  with  masking  tape.  etc.  -  and  that 
even  with  new  devices,  average  attenuation  on  most  muffs  is  on  the  order  of  20  dlk 
See  ref.  IS. 
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DEGRADATION  OF  SPEECH  COMMUNICATIONS 

A  primary  concern  in  designing  communications  equipment  to  I  unc¬ 
tion  in  the  noise  levels  found  aboard  C'VA's  is  the  spcech-interlcrencc  levels 
(SIL)*  of  such  noises.  Figure  21  plots  the  calculated  SIL  ol  typical  aireralt 
noises  measured  on  a  C'VA  flight  deck.  Although  a  comprehensive  study  at 
NHLC‘7  showed  that  the  SIL  and/or  PS  1 L  provides  the  best  means  lor  pre¬ 
dicting  the  speech-interfering  aspects  of  noise,  an  A-wcighted  reading  ol  the 
sound-level  meter  was  shown  to  be  adequate.  It  offers  the  advantage  of  easy 
measurement  and  interpretation  and  is  probably  the  best  single  measure  ol 
noise,  as  it  involves  human  perception.  Therefore,  the  right-hand  ordinate 
of  figure  21  is  a  scale  of  comparative  A-Ievcls  for  the  same  measurements. 

To  aid  in  interpreting  the  SIL  and  A-weightcd  aircraft  noises  in 
terms  of  limitations  on  speech  communications,  some  pertinent  tables  and 
figures  developed  at  NLLC  and  the  Western  Electro-Acoustic  Laboratories  in 
Los  Angeles  will  be  presented  here. 

Consider  first  figure  22  which  shows  the  general  ranges  of  noise 
levels  in  which  face-to-face.  SPIL  and  amplified  speech  communications 
are  possible.  This  figure  was  adapted  from  an  earlier  study  (ref.  20)  by 
relabeling  (recalibrating)  the  .abscissa.  The  original  abscissa  was  based  on  a 
particular  jet-aircraft  noise  that  had  distinct  tonal  components  around  3000 
Hz  and  that  gave  high  octave-band  noise-level  readings  in  the  octaves  cen¬ 
tered  at  2000  and  4000  llz  (see  fig.  16  in  ref.  21 ).  It  is  evident  from  the 
results  of  reference  21  that  these  high-level,  high-frequency  tonal  compon¬ 
ents  added  to  measured  ('-weighted.  A-weightcd.  and  speech-interference 
levels  but  did  not  cause  a  proportional  amount  of  speech  masking.  The 
ambient  jet  noise  measured  on  KITTY  HAWK  did  not  contain  discernible 
tonal  components  because,  among  other  things,  it  consisted  of  melded 
levels  of  more  than  one  aircraft.  However,  unlike  the  jet  noise  of  reference 
21.  the  ambient  level  on  KITTY  HAWK  contained  neither  discernible  tonal 
components  nor  high  amounts  of  dispersed  energy  at  2000  (and  4000)  II/.. 
Consequently,  its  A-weighted  level  is  relatively  lower  than  the  jet  noise  of 
reference  21.  In  lieu  of  running  new  intelligibility  tests,  it  is  assumed  that 
the  A-weightcd  level  would  be  1 5  dB  ( instead  of  2 1  dB  as  for  the  old  jet 
noise)  above  the  equivalent  PSIL  for  the  reference  standard  noise  of -6  dB 
per  octave  used  in  the  original  figure.-® 

Also  added  to  figure  22  are  the  results  of  some  intelligibility  tests  of 
the  newer  dynamic  noise-canceling  microphones  (M87  and  M  101).--  con¬ 
ducted  by  the  Aerospace  Medical  Research  Laboratories.  In  plotting  the  AMRL 
and  NELC  data  it  was  assumed  that  the  rhyme  words  used  by  NLLC  in  the 


*At  present  there  is.  and  will  he.  some  confusion  between  acronyms  and  definitions 
of  speech-interference  levels.  The  original  and  accepted  use  of  “speech  interference 
level”  (SIL.)  was  based  on  average  dB  levels  of  noise  in  the  octaves  600-1  200.  i  200- 
2400.  and  2400-4K00  cps(liz).  See  ref.  I1).  In  the  meantime,  international  and  l  .  S. 
standardization  groups  have  accepted  octaves  based  on  center  frequent. ies  of  31 .  f <3 . 

I  25. 250.  500.  1000.  2000. ...  llz  as  preferred  octaves  of  muse  measuiement.  \  new 
American  National  Standards  Inst  it  me  ( ANSI )  del) nit  ion  of  speeeli-intei  leienee  level 
based  on  the  octaves  centered  at  500.  I  000.  and  2000  llz  is  in  the  process  of  adoption. 
The  new  SIL  is  often  leleried  to  as  I’SIl  -I’icferied  |oetaves|  SII  .  fu  this  icpm  i  i he 
measures  from  NATC  were  made  in  the  300-600.  600-1200. ,  .  .  octaves  and  those  on 
KITTY  HAWK,  in  the  250.  500.  .  .  .  octaves:  con>cqucnil\  the  speeeh-inteiieienee 
levels  ol  the  NATv  data  are  SI!.,  and  the  newei  ones  are  I’SIl  .  In  genera).  I’SIl  Nate 
3  dB  greater  than  SII. 's  (see  Appendix). 


Figure  21 .  Speech-intcrfcrcncc  levels  (SIL)  in  the  300-2400  Hz  hand 
at  50  feet  and  various  angles  from  typical  naval  jet  aircraft  operating 
at  military  power  (at  right)  and  in  afterburner  (at  left). 


->  -> 

tests  were  10  percent  more  intelligible--'’  in  any  given  fixed  speeeh-to-noise 
differential  than  the  phonetically  balanced  (PB)  words  used  by  AMRL.  The 
relative  speech-interfering  properties  of  the  two  different  samples  of  jet  noise 
were  interpreted  in  terms  of  the  data  in  reference  7.  The  fact  that  the  AMRL 
data  lie  between  the  no-noise  shield  (left)  and  noise  shield  (right)  boundaries 
of  the  NPL(C)  data  confirm  that  the  \i 8 7  and  MIDI  microphones  are  as 
good  as  but  not  spectacularly  better  than  the  M33  microphone  used  for  the 
NT.  1(C)  tests. 

In  interpreting  figure  22  note  that  within  any  speech  listening  mode, 
word  intelligibility  decreases  as  noise  levels  increase.  This  poses  the  question 
of  what  word  score  is  “adequate’*  as  a  system  criterion.  In  general,  it  has 
been  found  that  an  articulation  index  (AI)  of  0.4  will  yield  sentence  scores 
in  excess  of  05  percent,  which  is  generally  adequate  for  military  communi¬ 
cation  systems.  An  AI  ol  0.4  corresponds  to  a  PB  word  score  of  63  percent 
which,  according  to  Montague.--'’  is  the  equivalent  of  a  rhyme-word  score 
of  75  percent.  This  is  the  "criterion"  score  that  will  be  used  in  the  remain¬ 
der  of  this  report  w  hen  referring  to  adequate  or  satisfactory  communications, 
over  militarv  systems.  I  lowever.  when  reterring  to  lace-to-lace  communica¬ 
tions.  an  AI  of  0.5  (corresponding  to  a  rhyme-word  score  ol  85  percent)  — 
will  be  the  criterion.-'*  to  provide  compatibility  within  the  extensive  work 

done  bv  I..  I..  Beranek  on  acceptable  noise  levels  for  workers  in  office 
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Figure  22.  Rhyme-word  intelligibility  scores  lor  face-to-face.  sound- 
powered  phone,  and  amplified  speech  conditions  as  a  function  of 
ambient  jet-aircraft  (idling)  noise.  Adapted  from  ref.  20. 

Figure  23  breaks  down  the  “face-to-face"  port!  m  of  figure  3'  i.i 
more  detail,  and  in  particular  lakes  into  account  the  very  relevant  parameter 
of  the  speaker's  voice  level.  The  speaker  who  generated  the  data  on  face-to- 
face  intelligibility  in  figure  22  spoke  at  a  level  commensurate  with  his  task 
namely,  to  get  listeners  sitting  in  front  of  him  to  understand  his  words.  1  le 
raised  his  voice  at  least  as  much  as  the  “expected  voice  level"  line  in  figure 
23  and  orohably  approached  the  "communicating  voice"  level. 

doth  figures  22  and  23  can  he  interpreted  to  show  that  when  the 
jet-aireralt  engines  have  started  and  noise  levels  average  around  1  lOdHA. 
face-to-face  communications  are  severely  limited.  In  fact,  when  the  talker 
is  shouting.  ( fig.  (>).  often  with  cupped  hands  between  his  mouth  and  the 
listener's  eat.  only  rudimentary  and  or  emergency  messages  are  even 
attempted.  During  cyclic  air  operations,  levels  of  I  lOdMA.  or  higher,  occur 
roughly  half  of  the  time. 

Table  2.  adapted  from  reference  20.  summarizes  the  limitations  on 
voice  communications  imposed  In  -i\  stratifications  of  noise.-  This  is  gross 
elassi I ieat ion :  more  details  are  show  n  in  figures  22  through  25.  Notv. 
however,  that  the  flight-deck  announcing  sy  stem,  the  5  NIC.  cannot  he 
expected  to  communicate  to  all  personnel  once  the  jet  engines  have  started 
anil  noise  levels  average  out  at  110  dll  A. 


DISTANCE  FROM  SPEAKER 
TO  LISTENER  IN  FEET 


Fijiure  23.  Distune?  between  communicators  for  satisfactory  face-to-face  speaking  as  a  function  of 
noise  level  measured  in  PSIL  units.  Parameters  are  vocal  effort  normal,  raised,  etc.,  as  shown. 


TABLE  2.  SPEECH  COMMUNICATION  CAPABILITIES  IN  VARIOUS  LEVELS  OF  AMBIENT  ACOUSTIC  NOISE, 
j  Noise  Level  in  dB,  Measured  on  A-Wcightingol'a  Sound-Level  Meter 
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Typo  of  earphone  required  Any  Any  Any  I  Any  except  bone  Inscit  ot  over-car  Best  insert  or  over-eai 

conductors.  Must  earphones  in  good  earphones  in  best 

be  in  helmet  or  helmets  or  mult's  helmet  or  mull,  good 

adequate  mull  good  to  I  20  dBA  on  to  140  dBA  on  short- 

short-term  basis  term  basis 


CHOICE  OF  COMMUNICATIONS  TRANSDUCERS 

(  omp;ii,il ivc  charts  like  table  2.  and  figures  24  and  25  (adapted 
fro  in  ret'.  26).  permit  tin*  designer  of  communication  equipment  to  eonsider 
factors  oilier  than  noise  levels  in  choosing  aeonstie  elements  1  or  t lie  system 
he  is  developing.  Not  only  must  the  noise  levels  he  categorized  into  one  ol 
the  sis  divisions  shown  in  table  2.  hut  the  time  pattern  oh  the  noise  level 

must  he  known.  In  particular,  the  designer  must  know  how  likely  it  is  that 
a  speech  message  will  need  to  he  transmitted  or  received  in  the  highest 
levels  of  noise.  For  example,  before  a  new  flight-deck  radio  is  developed, 
the  probability  of  requiring  communications  during  the  two-finger  run-up 
should  he  ascertained. 

Refer  to  figures  24  and  25  and  note  that  in  noise  levels  below  90  ilBa. 
ear-insert  microphones  (doubling  as  earphones)  or  bone-contact  transducers 
i  for  transmitting  and  receiving)  can  he  used.  This  would  allow  a  single 
transducer  (with  a  multiplexing  scheme  for  duplex  operation)  to  he  worn 
and  this  is  not  in  front  of  the  mouth. 

An  enrmuff  or  helmet  over  such  a  transducer  would  extend  its  use 
up  to  I  10  dBA.  Other  transducers  adequate  in  levels  up  to  I  It)  dHA  include 
devices  that  pick  up  speech  from  the  teeth,  the  throat,  any  bony  structure 
of  the  head,  and  from  an  earphone  over,  or  in.  the  ear. 

It  always  should  be  kept  in  mind  that  to  guarantee  a  satisfactory 
speech-to-noise  differential  at  the  audio  input  to  any  speech-communication 
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Figure  24.  Capabilities  of  various  microphones  to  operate  (transmit  speech)  in  given  steady- 
state  noises  measured  in  A-wcightcd  levels.  (Adapted  from  ref.  26.) 


system.  i Ik-  vihu1  signal  must  he  picked  up  relatively  Tree  of  the  surrounding 
ambient  noise.  Speech  is  obviously  most  intense  directly  in  front  of  and 
almost  touching  the  lips.  1  herelore.  in  noise  levels  above  1  10  dBA.  a 
noise-canceling  microphone  just  touching  the  lips  should  be  used.  In  noise 
lewis  above  1  SO  dHA  a  noise  shield  must  surround  the  noise-canceling 
microphone. 

!  he  catapult  officers,  for  example,  might  wear  such  a  shield  on  their 
wrist  and  louplc  it  over  the  microphone  when  talking.  A  more  elaborate 
.iir.ingement  might  even  have  a  press-to-talk  pressure  switch  on  the  shield 
that  would  activate  only  when  the  shield  was  in  firm  contact  with  the  chin. 


CONCLUSIONS 

1.  Exposure  times  of  many  flight-deck  personnel  to  high-level  noise  are 
at  or  near  the  damage-risk  level.  Continuing  efforts  must  he  made  to  main¬ 
tain  and  supply  hearing  protectors  as  good  as  or  better  than  those  presently 
in  use. 

2.  Tiie  speech-interference  level  of  flight-deck  noises  drastically 
reduces  effective  face-to-face  communications  for  roughly  half  the  time 
during  the  1  2-hour  air  operations  cycle. 

3.  Voice  announcements  over  the  5  MC’  will  not  he  heard  In  all  flight 
deck  personnel  when  noise  levels  exceed  I  10  dB  (about  X  percent  of  the 
time). 

4.  Talking  and  listening  on  the  flight  deck  over  the  flight-deck  radio 
during  military-power  (two-finger)  run-ups  is  severely  limited  by  personnel 
within  50  feet  of  the  offending  aircraft,  i.e..  when  the  noise  levels  exceed 
about  I  25  dBA. 

5.  Data  are  summarized  in  charts  and  figures  which  show  communica¬ 
tion  designers  the  capabilities  of  various  acoustic  transducers  in  noise. 

AREAS  FOR  FURTHER  INVESTIGATION 

The  study  reported  here  indicated  certain  areas  where  additional 
work  is  required,  as  follows. 

1.  The  effects  of  wind  (knots  across  the  deck)  on  sound-level  meter 
microphones. 

2.  The  effects  of  wind-generated  noise  at  the  ears  and  at 
communication-equipment  transducers  (affecting  the  speech  intelligibility 
as  transmitted  and  received). 

3.  The  effects  of  the  jet-blast  deflector  on  the  generation,  distribution, 
and  directional  characteristics  of  noise  on  the  flight  deck. 

4.  The  attenuation  actually  achieved  by  the  hearing  protectors  as 
they  are  used  (or  misused)  aboard  C’VA’s. 

5.  Similar  noise  measurements  on  A3.  F8.  H2.  and  A7  aircraft. 

(■>.  More  details  on  noise  levels  at  waist-catapult  launching  positions 
(in  addition  to  the  bow-catapult  positions  measured  in  the  work  reported 
here). 

RECOMMENDATIONS 

1.  Insure  that  sealing  rings  for  the  sound-attenuating  earmuffs  are  on 
board  in  adequate  number  to  allow  prompt  replacement  of  damaged  seals 
and  routine  replacement  at  least  once  a  year  (or  at  the  start  of  each 
deployment). 


2.  Add.  or  continue  using.  ;i  warning  phrase  to  be  announced  over  the 
5  NIC  system  before  jet  engines  start,  to  the  effect.  ".  .  .  don  earmuffs  all 
personnel  not  wearing  ear  protectors  leave  the  flight  deck  ...” 

-v  Assign  to  some  1)01)  activity  the  permanent  task  of  continually 
searching  for  and  evaluating  better  hearing  protectors. 

4.  Institute  or  continue  annual  audiometric  tests  of  all  flight  deck 
personnel  (and  pilots). 

5.  Update  the  data  on  the  capabilities  of  current  airborne  acoustic 
transducers  (microphones  and  earphones)  to  give  adequate  speech- 
intelligibility  scores  (75  percent  rhyme  words  correct)  in  levels  of  c)0.  1  10. 
and  130  dBa  of  jet  aircraft  noise. 

6.  Provide  a  microphone  shield  for  anyone  who  must  talk  out  when 
surrounded  by  noise  levels  in  excess  of  125  dBA. 

7.  Consider  issuing  “receive  only”  radios  to  a  large  number  of  flight 
deck  personnel  who  cannot  now  hear  announcements  over  the  5  MC  flight 
deck  announcing  system  and  who  are  not  equipped  with  SRC-22(V)  llight- 
deek  radios. 

S.  Either  insure  that  new  naval  aircraft  do  not  generate  noise  levels 
greater  than  those  currently  in  use.  or  provide  better  hearing  protection 
and/or  less  exposure  time  for  flight-deck  personnel. 

4.  Encourage  any  study  or  engineering  effort  that  will  reduce  the 
number  of  personnel  required  on  the  flight  deck  after  engines  have  started. 

10.  Provide  “quiet”  crew  shelters  for  flight  deck  personnel  to  use 
between  tours  of  duty  on  the  flight  deck  and  insure  that  the  shelters 
remain  quiet  (no  high  levels  of  rock  and  roll  music). 

1  1.  Conduct  programs  to  pursue  the  problems  listed  under  “Areas  for 
Further  Investigation,”  in  the  preceding  section. 

12.  Acquaint  designers,  administrators,  and  medical  personnel  with  the 
hazards  inherent  in  high  noise  levels  during  carrier  aircraft  operations. 


REFERENCES 


1.  Naval  Electronics  Laboratory  Center  TN  1789.  Acoustical  Noise  Survey 

Aboard  USS  KITTY  HAWK  (C’VA  63).  by  J.  B.  Rosen  re  Id  and  L.  K. 
Rubin.  17  December  1970  (An  informal  memorandum  intended 
primarily  for  use  within  the  Center) 

2.  Naval  Air  Test  Center.  Patuxent  River.  Maryland.  Report  ST35-375. 

Aircraft  Noise  Emission.  Survey  of  A3J-1  Airplane:  Report  6. 

Interim  Report,  by  R.  II.  Seitz.  31  August  1961 

3.  Naval  Air  Test  Center.  Patuxent  River.  Maryland.  Report  ST35-501 . 

Aircraft  Noise  Emission.  Survey  of  F4II-IF  Airplane:  Report  9. 
Interim  Report,  by  R.  II.  Seitz.  22  November  1961 

4.  Naval  Air  Test  Center.  Patuxent  River.  Maryland.  Report  ST35-167. 

Aircraft  Noise  Emission.  Survey  of  A-6A  Airplane:  Report  14. 
Interim  Report,  by  C.  F.  Abell.  15  April  1963 

5.  Naval  Air  Test  Center.  Patuxent  River.  Maryland.  Report  ST35-I66. 

Aircraft  Noise  Emission.  Survey  of  A-4K  Airplane;  Report  13. 
Interim  Report,  by  C.  I*.  Abell.  1  5  April  1963 

6.  Young.  R.  W,  iitul  Peterson.  A..  “On  Estimating  Noisiness  of  Aircraft 

Sounds.”  Acoustical  Society  of  America.  Journal,  v.45.  p.  834-838. 
April  1969 

7.  Navy  l-.icct tonics  Laboratory  Report  1314.  Speech  Interference  Aspects 

of  Navy  Noises,  by  J.  C.  Webster  and  R.  G.  Klumpp.  2  September 
1965 

8.  Webster.  J.  ('.,  “Effects  of  Noise  on  Speech  intelligibility.”  p:  49-73  in 

National  Conference  on  Noise  as  a  Public  Health  Hazard. 

Proceedings.  13-14  June  1968,  The  American  Speech  and  Hearing 
Association.  1969  (ASHA  Report  4) 

9.  Webster.  J.  C.  and  Gales.  R.  S,.  “Noise  Rating  Methods  For  Predicting 

Speech  Communication  Effectiveness."  p.  85-102  in  Symposium  on 
Evaluating  the  Noises  of  Transportation.  1969.  Transportation 
Noises:  A  Symposium  on  Acceptability  Criteria,  lid i ted  by  J.  I). 
Chapulnik.  University  of  Washington  Press.  1970 

10.  Brliel,  P.  V..  “Aerodynamieally  Induced  Noise  of  Microphones  and 

Windscreens.”  Briiel  &  Kjacr  Technical  Review.  No.  2.  p.  3-26.  I960 

1  1.  Hayes.  J.  R.  M.  and  Cudworth.  A.  L...  “A  Windscreen  For  the  liar." 
Acoustical  Society  of  America.  Journal,  v.  26.  p.  254-255.  March 
1954 

12.  Harvard  University.  Psycho  Acoustical  Laboratory  Report  PNR-133. 

Problems  of  High-lntensitv  Noise:  A  Survey  and  Recommendations. 
by  W.  A.  Rosenblith  and  others.  30  December  1953 

13.  Kryter.  K.  1).  and  others.  “Hazardous  Exposure  to  Intermittent  and 

Steadv-Statc  Noise."  Acoustical  Society  of  America.  Journal,  v.  3l>. 
p.  45  j -464.  March  1966 


14.  Uotsl'ord.  .1.  II..  "Simple  Method  For  Identifying  Acceptable  Noise 

F xposures."  Acoustical  Soeiety  ol  America.  Journal,  v.  42. 
p.  SI  O-SI').  Oelohei  I  '>67 

I  5.  Inicrsociety  Committee.  "Guidelines  For  Noise  Fxposure  Control.” 
Sound  ;nul  Vibration,  v.  4.  p.  21-24.  November  1970 

16.  Webster,  .1.  C.  ;nul  Lepor.  M..  "Noise.  You  Cun  Get  Used  to  It, 

Acoustical  Soeietv  of  America.  Journal,  v.  45.  p.  751-757, 

March  bP 

1  7,  Naval  F.leclronies  Laboratory  Center  TO  67.  Objective  and  Subjective 

Noise  Level  Survey  on  LLS.S.  MARS  (AFS  I ).  by  J.  C.  Webster. 

F.  G.  Henry,  and  W.  Kreysler.  15  October  1 060 

15.  Webster.  J.  C.  and  Rubin.  F.  R.,  “Noise  Attenuation  of  Far-Protective 

Devices.”  Sound,  v.  1.  no.  5.  1962,  p.  54-46.  figs.  2.  5.  14,  and  15 

19.  Beranek.  L.  L...  Acoustics.  McGraw-Hill.  1954 

20.  Webster.  J.  "Speech  Communications  as  Limited  by  Ambient  Noise." 

Acoustical  Society  of  America.  Journal,  v.  57.  p.  692-699, 

April  1 9o5 

2  I .  Klumpp.  R.  G.  and  Webster.  .1.  C\.  "Physical  Measurements  of  Fquallv 

Speech-Interfering  Navv  Noises.”  Acoustical  Society  of  America. 
Journal,  v.  55.  p.  1  528- 1  558.  September  1 965 

22.  Aerospace  Medical  Research  Laboratories  TDR  64-67.  Speech 

Intelligibility  evaluation  of  Four  Noise-Canceling  Microphones. 
by  C.  W.  Nixon  and  11.  C.  Sommer,  December  1964 

25.  Navy  Hlcctronics  Laboratory  Report  977.  A  Comparison  of  Five 
Intelligibility  Tests  for  Voice  Communication  Systems,  by 
W.  F.  Montague.  27  June  I960 

24.  Kryter.  K.  D.  and  others.  "Speech  Communication,”  Chapter  4  in 

Human  engineering  Guide  to  Fquipment  Design.  C.  T.  Morgan, 
od..  McGraw-Hill.  1965 

25.  Beranek.  L.  L..  “Revised  Criteria  For  Noise  in  Buildings,”  Noise 

Control,  v.  5.  p.  1 9-27.  January  1957 

26.  Western  Flectro-Acoustic  Laboratory.  Incorporated,  Contract 

A I r  55(  6 1 6  )-5  710;  Phase  2.  Final  Report.  Study  and  Investigation  of 
Specialized  Flectro-Acoustic  Transducers  for  Voice  Communication 
in  Aircraft,  January  I960 

27.  Webster.  .1.  C..  "Speeeli  Intelligibility  in  Noisy  Fnvironments,”  Paper  4 

in  North  Atlantic  Treaty  Organization  Advisory  Group  for 
Aerospace  Research  and  Development  Advisory  Report  19, 
Aeromedical  Aspects  of  Radio  Communication  and  Flight  Sal'ety, 
December  1969 


5  o 


NI'LC  1*110 1  ()( iKAI’IIS 


llluslrjlii.il  No.  NHXJMu.to^iph  N». 

,  A  N’S1S 

1A  LSI-  34ftX-l2-fi9 

!  SI ■' 3492-1  2-f.y 

,  I  SI  34  70-1 ’4.9 

4A  I  SI  349SI2-(>9 

4I,  I  .SI-  34  73-1  24.9 

5  I.SI-  34  77-1  24. 9 

,  l.SI-  3493-1  24.9 


K I  V 1  l< S 1  ■  SI  1)1'  Hl.ANK 


APPENDIX:  Sll  -  PAST,  PRESENT,  AND  FUTURE 

( Koprinti'd  from  Sun  ml  ;i;ul  Vibration.  Vol.  3.  No.  S,  22-26,  1969) 


l<  I  VI  RSI  SI  1)1  BLANK 


39 


NAVAL  ELECTRONICS  LABORATORY  CENTER 


San  Diego,  California  921 52 


30  April  1971 


Naval  Electronics  Laboratory  Center  Technical  Report  1762.  Noise  Levels  on 
Aircraft-Carrier  Flight  Decks,  and  Their  Effects,  by  J.  C.  Webster.  30  April 

1971 


Note  regarding  APPENDIX:  SIL  -  PAST.  PRESENT.  AND  FUTURE 
(reprinted  from  Sound  and  Vibration.  Vol.  3.  No.  8.  22-26.  1969) 


The  Appendix  has  been  included  in  copies  of  TR  1762  addressed  to 
recipients  who  have  a  special  interest  in  the  measurement  of  speech-interfer¬ 
ence  levels  and  who  may  not  have  read  the  article  previously.  For  the  general 
reader,  SIL  measurements  are  treated  in  sufficient  detail  in  the  main  text  to 
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SIL-PAST,  PRESENT,  AND  FUTURE 

John  C.  Webster,  Naval  Electronics  Laboratory  Center,  San  Diego,  Californio 


The  speech-interfering  aspects  of  noise  can  he  speci¬ 
fied  in  terms  of  the  level  and  spectrum  of  speech 
and  noise  at  the  listener’s  car.  A  recommended  pro¬ 
cedure  is  based  on  the  l’S IL  (average  of  the  octave- 
hand  levels  centered  at  500,  1000,  and  2000  Hz)  or 
A-wcighted  sound  level  and  the  distance  between 
communicators.  A  nomograph  simplifies  the  appli¬ 
cation  of  the  technique. 

Tin-:  mkasl'hk  or  noisk  known  as  the  speech-inter¬ 
ference  level  (S1L)  has  been,  and  still  is,  a  useful 
engineering  tool  for  noise  control.  As  originally 
conceived  by  Heranek1  and  applied  to  sound  control 
in  airplanes  by  Heranek  and  Rudmosc,"  the  measure 
was  based  on  the  concepts  developed  by  French  and 
Steinberg-'  for  the  articulation  index  (AI).  As  stated 
by  Heranek,1  .  .  if  we  desire  to  divide  the  fre¬ 
quency  scale  into  three  bands  of  equal  contribution 
to  speech  intelligibility,  using  available  analyzing 
equipment,  we  should  divide  it  into  the  frequency 
ranges  300  to  1200  eps.  1200  to  2400  eps,  and 
2400  to  4800  eps.  However,  because  the  articulation- 
index  frequency  scale  is  more  nearly  linear  below 
1000  cps  than  logarithmic  ....  an  intensity  average 
in  the  300-  to  1200-cps  band  is  not  correct.  More¬ 
over,  usual  available  analyzing  equipment  includes 
the  bands  300  to  600,  600  to  1200,  1200  to  2400 
and  2400  to  4800  cps. 

"To  a  sufficiently  close  approximation,  we  can,  il 
the  love)  in  the  300-  to  600-eps  band  is  not  more 
than  10  dH  above  that  in  the  600-  to  1200-cps  band, 
use  the  600  •  to  1200-cps  band  as  the  first  band  and 
then  define  the  speech-interference  level  as  the 
arithmetic  average  of  the  sound  pressure  levels  in 
the  three  bands  600  to  1200.  1200  to  2400,  and 
2400  to  4S00  cps.  However,  if  the  levels  in  the  300- 
to  600-cps  band  are  more  than  10  dH  above  those 
in  the  600-  to  1200-cps  band,  the  average  of  the 
levels  in  the  four  bands  between  300  and  4800  cps 
should  be  used  instead." 

lie  ctmiinues;  "It  the  levels  of  .  .  .  speech  are  also 
known  .  .  .,  an  estimate  can  be  made  of  the  articu¬ 
lation  index.  .  . 

If  the  exact  levels  of  speech  are  not  known,  but 
".  .  .  two  men  are  .  .  .  facing  each  other  in  [the 
same]  noise  field,  th  maximum  speech-interference 
levels  that  just  permit  reliable  communication  at 
various  voice  levels  and  distances  are  .  .  .  shown 
in  |a]  Table  .  In  making  up  this  table,  average 
male  voices  and  good  hearing  are  assumed,  as  well 
as  unexpected  word  material.  II  the  vocabulary  is 
limited  or  il  sentences  only  arc  spoken,  the  per¬ 
missible  speech- iulorlerenco  levels  may  be  increased 
by  about  5  dH,  II  a  woman  is  speaking,  the  permissi¬ 
ble  levels  should  be  decreased  by  about  ■”>  dH. 


The  SII,  must  have  been  a  good  engineering  tool 
from  the  beginning,  because  Heranek  (as  originally 
published  by  Heranek  rl  a!.-'  soon  devised  ways  ol 
estimating  it  frnm  sets  of  frequency-weighted  speech 
cninmimieation  (S(!)  contours.  These  contours  were 
subsequently  modified  to  the  more  familiar  noise 
criteria  (NCI)  and  alternate  XC!  (XCA)  contours.  I!-  ' 

Heranek  then  validated  the  SII,  measure,  supple¬ 
mented  by  loudness  level  (1,1.)  measures  (originally 
developed  by  Stevens''  and  modified  by  him  at  the 
present  time  through  six  revisions’1),  to  establish 
criteria  for  rating  acceptable  noise  levels  for  offices. 

At  about  this  same  time  Young1"  started  pro¬ 
pounding  the  virtues  ol  the  A-weighting  scale  of  the 
sound  level  meter  as  measure  of  noise  relating  to 
the  subjective  responses  of  people  to  noise.  In  bis 
first  forays.  Young  noted  that  the  A-wcighted  level 
gave  good  approximations  to  loudness  level,  as  well 
it  should,  since  the  A-weighting  network  was 
modeled  on  the  40-phon  loudness  level  contour. 
Young1 1  later  pointed  out  that  the  average  decibel 
reading  at  octaves  centered  at  5(10,  1000,  and  2000 
Hz  is  well  estimated  by  the  A-wcighted  level  [unless 
there  is  a  preponderance  of  noise  energy  in  the 
octaves  above  2000  Hz.  and  this  is  not  characteristic 
of  most  office  or  industrial  noises].  Obviously  to  the 
extent  that  the  A-weighlcd  level  approaches  an 
average  reading  for  three  octaves  of  noise  centered 
around  1000  Hz.  it  would  estimate  SIL. 

On  another  tack.  Kryter,1-  using  matching  tech¬ 
niques.  developed  a  "perceived"  noise  level  that 
correlated  with  the  annoying  properties  of.  in  par¬ 
ticular.  jet  aircralt  noise.  Like  loudness  level  (LL). 
to  which  perceived  noise  level  (PXL)  closely  cor¬ 
responds.  many  revisions  in  calculation  procedures 
and  applications  followed.  These  have  resulted  in 
an  updated  summary  paper  on  PXL  by  Krvter1 11 
which  relates  SIL  (as  estimated  by  XC  contours), 
the  A-wcighted  level,  and  eflectivc  PXL  as  limiting 
noise  levels  lor  various  types  ol  rooms. 

Any  one  ol  the  measures  ol  noise  discussed  above, 
and  variations  of  them,  can  and  base  been  used  to 
predict  the  speeeh-interlering  aspects  of  noise.  For 
example,  kryter  and  Williams11  correlated  intelli¬ 
gibility  scores  on  modified  rhyme  words  (developed 
by  House  rt  «/.i;,l  against  six  noise  measurements 
ol  loniteen  dillcrcnl  aircralt  noises  (six  dillerent  air¬ 
craft .  some  perlorming  as  many  as  three  evolutions: 
run-ups,  landings,  and  tukeolls).  All  but  two  ol  these 
noises  had  relatively  Hat  spectra  oxer  the  speech 
range  (3(1(1  io  4800  11/ L  and  only  five  had  any 
greater  amounts  ol  energy  below  3(1(1  liz.  Tliev 
loom!  that  the  "dillerenees  between  dliyAL  XL. 
SIL.  and  I’XdH  are  probably  not  significant." 

Williams  i  I  /il.,'"'  also  using  modified  rhyme  words. 
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1  Yount:. I  •  ( let  letalien  -0.01.  Ml.  0.S0  t  000.12(H).  I  200-2  100,  2100-1800  11/  octaves). 

t  Suggested  new  measures. 


Tuhtr  I  Sniimumi  of  nininr  e.rper iniriitnl  rest t//\  in  terms  of  ran  fie  mill  standard  deviation  in  dll. 


aireiall  imise  illynver.  not  steady  stale!,  and  mea¬ 
sures  o|  dllA.  I’M..  Al.  and  Ml,,  lutmd  again  that 
"the  dill  etetiees  among  the  various  eorrelalions  are 
probably  not  significant." 

'luung1 1  lonnd  eot  relations  of  0.01  or  greater 
h.'tween  dllA.  I’M,.  SH.  (300  to  2100  II/),  and 
the  noise  rating  originally  arrived  at  by  Heranek"  lor 
his  seventeen  oilier  noises.  The  noise  rating  was  not 
based  entirely  on  speech  interference,  hut  office 
noise  a.  ceptahililv  certainly  includes  the  ability  to 
conv  erse. 

I  he  most  comprehensiv  e  study  in  terms  ol  diverse 
noise  spectra  and  the  variety  of  noise  measures  used 
was  b,  txluinpp  and  Wenslet.1  They  had  eight 
listeners  adjust  the  levels  ol  sixteen  quasi-steady- 
slate  noises  to  mask  out  "it)'"  ol  Fairbanks'  ,v  rhyme 
words  played  to  them  via  a  ''  -ud  p.  sker  !  A  fe  • 
directly  in  Iron;  o!  'trie  at  a  lev  el  ...  ,  -  Thev 

then  measured  the  level  ol  each  noise  by  thirteen 
diHerent  methods  and  calculated  the  standard  devia¬ 
tion  lor  each  ol  the  thirteen  measures  over  each  ol 
the  sixteen  (equally  speech-inter  Icring)  noises.  Obvi¬ 
ously.  the  measure  with  the  smallest  standard  devia¬ 
tion  was  the  best  measure  ol  the  speech-inter Icring 
aspects  o|  ‘be  sixteen  noises.  1  able  I  shows  a  sum- 
m.uv  ol  the  ramie  and  standard  deviations  of  some 
ol  the  better  and  or  more  common  noise  measure¬ 
ment  methods,  l  our  classes  ol  measurement  methods 
are  shown:  th  se  based  on  matchimi  octave  band 
noise  spectra  to  noise-ratine  “contours"  (peak  fitting 
method1:  sound  level  meter  I  SI. Ml  readings  I  inte¬ 
gral  ion  method  .  peri  eiv  ed  noise  level  in  till  (l’Ndll); 


and  averaging  methods.  SIL  (based  on  the  different 
octaves  shown)  and  the  articulation  index  (Al).  Note 
that  the  measures  considered  to  be  equivalent  by 
Krvter  and  Williams,"  Williams  et  al.,  111  and 
Voting"  arc  marked.  The  suggested  new  measures  in¬ 
clude  a  new  sot  of  speech  interference  (SI)  contours 
(Webster1*'- a  new  speech-interference  (SI) 
weighting  network,-'  --  and  an  SIL  based  on 
octaves  centered  it  300.  1000.  and  2000  11/  (the 
so-called  preferred  frequency  SIL.  or  PSIL). 

The  results  summarized  in  Table  1  show  that,  for 
aircraft  noises.  SIL.  PNL.  dllA."  and  Al  give 
generally  equivalent  measures  of  speech  interference. 
For  ollice  noises.  Sit  PNL,  dllA,  NC,  and  LL  give 
generally  equivalent  evaluations  of  adoptability.11 
For  diverse  spectra  noises,  the  preferred  frequency 
Ml.  (PS  HA  is  probably  the  best  compromise,  simple 
measure  oi  speech  iuterleroncc  wnii  ::BA.  SIL  (000 
to  -IS00  Hz).  NCA.  and  PNL.  being  generally  equiv¬ 
alent  but  showing  greater  variability  with  spectra. 

It  is  important  to  note  that,  although  any  one  of 
the  above  measures  gives  a  fair  approximation  to  the 
speech-interfering  properties  of  noise,  the  actual 
values  lor  each  measure  averaged  over  many  noise 
spectra  are  considerably  dillcrent.  Table  II  shows 
how  these  absolute  values  dilfer  for  each  of  five 
noise  measures  over  four  different  samplings  of  noise. 
Note  that  PNL  always  has  the  greatest  numerical 
value,  lollowcd  hv  (.’-weighting.  A-weighting,  PSIL, 
and  SIL.  The  column  labeled  Av  is  the  average 
dillcrence  over  all  noise  samples  and  is  the  best 
guess  at  present  lor  how  to  estimate  what  all  other 


measures  arc  if  you  know  just  one.  The  last  column 
(S.l).)  is  the  value  of  the  standard  deviation,  taken 
from  Table  I,  It  shows  the  variation  of  the  particular 
measure  over  sixteen  noises  with  very  diverse  spectra. 
On  any  sample  of  similar  noises— office,  industrial, 
traffic,  or  aircraft— the  variation  would  he  less. 

A  New  Procedure 

Since  PS1L  shows  the  smallest  expected  variability 
over  diverse  spectra  noise  and  the  A-wcightcd  level 
is  the  simplest  to  measure,  these  are  the  recom¬ 
mended  measures  for  assessing  the  speedi-interfer¬ 
ing  aspects  of  noise.  Figure  1  shows  how  to  interpret 
these  levels  of  noise  in  terms  of  voice  level  and 
distance  between  a  talker  and  a  listener.  This  figure 
is  merely  a  graphical  elaboration  of  the  table  first 
introduced  by  Beranek 1  to  interpret  distance  and 
required  voice  level  for  given  levels  of  S1L.  Sec 
the  limitations  listed  above  in  the  quotation  from 
Beranek,1  so  they  apply  here  as  well.  There  arc- 
two  innovations  which  should  make  this  graph  more 
useful  than  the  old  Beranek  table— the  “expected 
voice  level”  and  the  "communicating  voice  level” 
lines.  These  lines  result  from  the  fact  that  in  noise 
people  tend  to  increase  their  vocal  effort  or  raise 
their  voice  level  (called  the  Lombard  voice  reflex). 
Kryter, Korn,-'  and  Pickett--1  agree  that  malt- 
talkers,  at  least,  raise  their  voices  3  dB  for  each 
10-dB  increase  in  the  surrounding  noise  level  at 
levels  starting  at  about  30  dB  PSIL.  This  is  the 
amount  of  increase  in  vocal  effort  when  there  is  no 
feedback  to  the  talker  of  how  effective  his  com¬ 
munications  are.  It  is  his  "expected  voice  level” 
increase  in  noise. 

Webster  and  Klumpp-'1  made  their  talkers  really 
communicate  (93%  word  scores  with  positive  and 
instantaneous  feedback  of  success  or  failure).  Their 


"communicating”  talkers  raised  their  voice  level  3 
dB  for  every  10  dB  increase  in  noise. 

Pickett--  and  a  Western  KIcctro-Acouslic  Labora¬ 
tory  Bcport  -v  show  that  the  total  vocal  effort  range 
is  -i-l  dB  ( WF.AL)  to  50  dB  (Pickett),  but  the  useful 
range  is  closer  to  35  dB.  That  is,  the  last  10  dB  ol 
effort  docs  not  result  in  increased  intelligibility. 
These  arc  the  data  used  to  divide  the  “difficult  from 
the  “impossible*”  region  on  the  right  ol  the  figure. 

To  interpret  the  figure,  note  that  to  converse  in  a 
normal  voice  at  6  feet  a  PSIL  of  about  53  dB  or 
an  A-wcightcd  level  of  fit)  dBA  could  lie  tolerated. 
("Ibis  corresponds  to  an  old  SIL  ol  50  dB. )  Above 
this  noise  level  a  normal  voice  level  would  never 
be  expected  of  normal-hearing  people;  they  would 
raise  their  voice  level  according  to  the  "expected 
voice  level"  line. 

As  another  example,  let  ns  say  we  wish  to  know 
how  noisy  a  space  can  be  to  allow  people  to  con¬ 
verse  at  3  feet.  An  extension  of  the  3-foot  distance 
line  to  the  “expected  voice  level"  line  dictates  an 
upper  noise  level  limit  o)  about  65  <1 B  PSIL  or 
72  dBA. 

In  general,  this  "human  engineering  nomograph 
can  he  used  only  if  the  same  noise  surrounds  both 
the  talker  and  the  listener.  However,  let  ns  say  that 
an  S0-dB  PSIL  noise  surrounds  only  the  talker.  At 
this  level  his  vocal  ellort  would  he  expected  to  In- 
between  "raised"  and  "very  loud.”  and  as  such  lie 
could  be  heard  by  a  listener  in  the  same  noise. 
SO  dB  PSIL.  at  !  foot,  hut  by  a  listener  in  70  dB 
PSIL  at  over  2  feet,  or  at  S  feet  if  the  listener  were 
in  60  dB  PSIL  of  noise. 

Summary 

To  summarize  the  past  and  present  of  specifying 
the  speech-interfering  aspects  of  noise:  Speech  com- 
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1.  Beranek,'1  seventeen  office  noises. 

2.  Kryter  and  Williams.1 1  fourteen  aircraft  noises. 

3.  Williams  et  a!,,1'1  nineteen  flyover  noises. 

•I.  Klumpp  and  Webs'-rd”  sixteen  equally  diverse  spcech-int<  Bering  noises. 


Tahir  II  —  Iiclalit'r  noise  levels  anion g  various  nn  astirctiu  ul  melluuls  /or  different  innM-  snniph  s. 


DISTANCE  FROM  SPEAKER  TO  LISTENER  (feet) 


!  V.  ,  /.  t  . t!’ sftfit'i '  h,fneen  talker  and  listener  for  satisfactory  face-to-face  speech  communications 
•*■  ■*  \  '<*  :».*  /*•«/.  ,\/i'iu'  the  un\t  iwa  ar #•  n  i:#  /z# -r^/Z/r/  ctjw  talent  ohieetive  measures  of  noise 

’*r»7  !>■  the  .octaves  reiif.-rcd  r/f  "on.  /OfXJ.  r/m/  2000  //'.  r ailed  the  three-hand 
'  '?••••'■  .?».'»  f ♦.  ».»»# /.  •  <  /  TSII.'.  and  the  .X-treiehfed  \otoid  level  meter  reading  (dliA).  Other 

*•••  '•  er.ue  «  iwis/iin/  rnrrrr  fimi  h>fed  in  Table  II.  The  relative  reliability  of  fill  common 

'••-■•in  f»i  /<.»•'.,  I.  An  i  ’  v<4  m  i  ‘I* '  /nr  inf*  r;»rr /f  ni:  f /i » •  i  hart:  Jet  aircraft  eahin  noise  is  roughly  St)  e~  2 
\  V  \  a.  *»?••■■■?»*/  raided  toiee  level ,  setffmafes  eon  emit  vr\e  at  2  feet  and  htf  moving  a  little . 

••  •  •  ....  *.■  •>!  ntn!  .-enverse  at  one  fm>t.  To  ask  the  stewardess  for  an  extra  cup  of  coffee 

'  *4?  t>>t  .  ‘>n,-  umdd  need  to  ttse  his  eommr.nii  ating  r  ertj  load)  voice. 
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lated  Willi  S 1 1 1 1  "■ 

It  is  proposed  that  I'SII,  (anil  ('stimulus  of  it  by 
A-\voightcd  level)  replace  SII,  as  tin-  best  method 
(if  estimating.  by  means  of  Figure  I,  (be  speech- 
interfering  aspects  <>l  noise.  Other  estimates  of  I’SII. 
ill  hiding  SII,.  I’M..  and  C-wcightiiig  are  listed  in 
Table  II,  alone  with  an  estimate  of  expected  error 
over  diverse  spectra  noises. 

The  future  of  I’SII.  will  depend  on  how  well  it 
aids  engineers,  architects,  and  designers  in  speciiy- 
ing  limiting  noise  levels  for  various  spaces.  The 
older  specifications  developed  by  beranek”"  are 
not  invalidated  by  the  newer  I’SII..  To  convert  from 
SII.  to  I’SII,,  just  add  .'1  dll  to  the  old  SILs  and 
call  them  I'Sll.s.  This  correction  will  be  adequate 
if  office  noises  ol  the  future  are  like  the  seventeen 
used  by  lleranek  to  establish  the  existing  tables— 
that  is,  if  the  level  of  noise  in  the  .'10(1-  to  000-11/ 
octave  is  I  or  5  dll  greater  than  the  level  in  the 
000  to  1200-11/  octave. 

based  on  the  I’SII.  nomograph  (Figure  1)  and 
the  assumption  that  communication  at  ■'!  feet  is 
acceptable  for  communicating  areas  in  ships,  a  spec¬ 
ification  of  Of  to  fv>  dll  I’SII.  or  Tl  to  72  till  A  has 
been  proposed.  Webster  and  Lcpoi :l-'  have  shown 
that  SO'!  ol  the  people  on  USX  ships  d>>  indeed  feel 
that  lex  els  up  to  .1  dll  greater  than  the  bl  to  bo  dll 
I’SII,  specification  is  “acceptable”  and  that  "normal 
speech”  is  not  affected. 

The  slope  of  the  “expected"  and  "communicating” 
voice  lex  el  lines  and  the  boundary  between  “difficult” 
and  "impossible”  communications  (now  developed 
from  laboratory  studies)  may  have*  to  be  modified 
slightly  Iron)  future  applied  or  field  results.  As  ol 
this  date,  however.  Figure  I  is  proposed  as  a  simple 
method  of  evaluating  the  speech-interfering  aspects 
ol  noise. 

References 


1. 

i„  i„ 

Heranck.  \irplanc 

Onirtin 

g  II- 

-S|i, 

l  i fit 

.  ation 

of 

A, 

i  eptahle  Noise  1  .t  vrls. 

Train 

as  su:. 

(ID. 

dr-: 

100 

.  I  ft  IT  ). 

V 

i..  i.. 

lictanck.  ,iud  11 

W.  R'.idmnst 

,  Sontid 

(a'lltli'l 

III 

A  n  pi 

.mi's.  J.  Aionsf.  S» 

•<  .  Am 

HI.  • 

V)7  - 

>Rl 

•  lD-1 

**  t 

.  >, 

N.  It 

I  n  in  li.  and  |.  ( 

Steinh 

k 

1  at  1 

<  ns 

f  iit\  -• 

IM“ 

in” 

:  (I.. 

1  ntellivtil tilitx  ol  Speech  So 

mtids 

.1. 

Aroi/sf.  V 

'll.' 

An 

,  It). 

RM-I  p)  t  | D  17 

1 

1  ! 

R.  lain  k  A-  . 

•  M.  ( 

■ :  t  \  *. 

1  Ml 

If 

k  (•• 

Ill 

pat 

i  X  \ 

<  \x  'l  i  -ik.  ID”  h 

1  1 

Rel.lltek.  |  1  1 

i'-x  n"!(b 

.  an. 

’  k 

1 

NVilsc.n. 

M’ 

p.n  .it' 

;s  and  1  ’n  >i  t  dm- 

I..,  ! 

.tl. 

t  in  j 

\ ' 

r.tilat 

t|  a; 

S\  • 

>l<  ill 

Noise  /  At  Mils/.  S 

.  Am 

>|u 

521 

!  lD*i 

.  >  i 

tv 

i  t  . 

Rt  1  .tin  k.  (  i  it.  i  ra 

t.  i  '  )’.ii. 

.  !  ), 

. it  him  1 

i  1  si  -1 

t  *1: 

Rh 

.  '! 

>1 :  no  R.it  in*.’  M i id 

l-v  /. 

\t  I  •/> 

i 

Am. 

2S 

v  i 

>  s"2 

■  1  Dof>  ». 

“ 

1  1 

Rt  r  t:i«  k.  Ri  \  tsed 

(  III'  Tl. 

,  '.-I 

\"i 

s-  in  Rij 

,!.  ] 

ire.' 

a  \. 

u,  Con/o  •/  :i  \,' 

!  to  2' 

:  p 

i~i . 

S 

s  s 

Sfi  \  •  :ix  (  ,,|,  Til.it :•  >1 

,.!  It.. 

1 

! I..  - 

ot 

<  ■  «!l»i' 

•I.  A 

V 

1 

Vi’ffb*  S„(  \  e, 

2v  sir; 

s 

P> 

“if  -  X 

'  i 

s  s 

st.  \  i  ns  Rio,  ,  Aiis 

.  -  !•■(  < 

.1  H 

l.i!  m- 

l 

ori.li,. 

M 

lit,  \ 

1 .  i .  \*  •  a  o 

a  i 

)  r. 

::  r 

>S“. 

i  *  »t  i 

,  1 

|().  It  W.  Yoimi:!.  Omi't  I',. I  s  t  tic-  Siinpk  Snuml-l.cvcl- 
Mt-ter.  .Anise  (.’mitre/  -t.  \*(  a.  1-  ti  P.'aN'. 

It.  It.  \\  .  Vonn'.!,  Sin.'!*-  'si  in  it  i*  i  t  a  if>ii. i  fm  Unmn 
Noise,  J.  A(  •  :,\t.  Si»f.  An;.  .’R».  2SR  2f'  i 1  iD  l  ). 

12.  K.  I).  Kryter.  St  . * ! . 1 1 : •  limn  in  R*  . ; *  luiit'-  to  f ! »* * 
Sound  from  Aircralf.  }  A  nf/\/  So-.  \e»  -U  .  I  1 1  -  i  t  — f  1 
( 

1<>.  k  D.  Kr>  ter.  ( 7 *i ;*  «  j '* 1  !lrti «  •*.  ■  ■ !  Yoojness.  Hi*  a 
Implement.  it  ion  .mu  \j«j»I:»  ate >:i.  l  \  ‘-u!  St,  Am. 
-H.  i  IDRS  : . 

11.  k.  1).  Kr.  !•  I .  i’ll!  (  :  i:  U  ilium-  of  S;>,  .  t  I. 

!>y  A irtr.it t  Noiv  .  /.  Soe  Am.  :j!>.  1 

I  V.)1  if) 

1  r».  ,\.  S.  II.mjm*.  (k  ik  Williams.  M.  11.  1,  ll.tkrr  .trill 
k.  D.  Kr\t«-r.  Ait i<i:I;ifi»>n  1  tstinvl  Methods;  fktnsonant.il 
Dili  erentiat  ion  wit  1 1  a  (!l»  »**«■<!  Response  S«  t  -  /■  A*  oils/. 
Sw.  Am.  ’17,  IAS-W>(>  j  iRRuk 

!fi.  C.  };.  Williams.  K.  N  Sl.Arm,  M.  II.  I..  IRcker. 
and  k.  S.  Pearsons,  1  1 1» *  Speech  lnterhr'  ikf  Kflnts  of 
Aircraft  Noise.  !-'•  •» f#  r.i f  Aviation  Atliinnisti.itiun  Report 

DS-R7-1D  (  1DR7  >. 

17.  H.  (i.  klmnpp  arid  1.  Webster.  Physical  Measure¬ 
ments  i >1  IvpialK  Spc*  i  l»- 1 nl«  rl*  t  ini'  Navy  Noises.  /. 
Arm i\t.  Sor.  .Am.  o5.  1A2S- 1.>;>S  «  |Rf»>*. 

IS.  ( k  I’airhanks.  Test  » >1  Phonemic  1  )ifb  o ntiati. m:  Tin- 

Rh\ me  Test.  J.  »>r / s/ .  Sut  .  Am.  ill).  ."Dh-RRR  i  IDAS'. 
ID.  {.  (k  W  t 'I ist«T.  (iriir  r.di/i  ‘1  Speech  Iiit<  r!*  ivmv  (ait»- 
tt nri s.  J .  Speer  /i  2*  lit /tt in::  /l-  v  7.  I  >>-l-Rl  •  lRf>-lh 
2R.  J.  (k  Webster.  kihuiis  !»•  twe.  n  Spt  «  i  li-Intf  ilcr- 
<-m  e  ( !fuitniii\  vN  Ideal  i/ed  Art i<  ijl.it  it-n  Index  ( !t ijitnuiv 
J.  .Amp/.  Sit.  Am.  .’Iti.  1  '  tit'D  i  lDDll. 

21.  J.  Wt list.  r.  .tin!  \\.  (i.  klmnpp.  Spetik  lnttT- 
ferjuy  Aspects  «»|  \.|\\  Noises,  *  *,  S.  \.t\V  I’.k  (  t  l«H  1 1 : 

I  .;d»or.itor\  Report  l>!  1  t  V  '  cspot  i.ilh  s«-<  ti#»n 

VII  >. 

22  J.  C.  Wehstcr,  I;ici|HetK>  Woiiihlih*2  Ckuitoiirs  f<»r 

1  Set  lit  ?  I J » tile  Sp**e<  !l  I  lit  *  !  1  'lim:  \spt  t  ts  of  \oise  J'ltil- 
osnpliit  .d  l  r.tris.it  tioris  * >i  tlie  Kr  >al  S»n-|»!y  »-l  I  ,t tmlt 'Ti. 

A  \  nl.  2r:>.  Al.v:>2.>  >  !DtvS .. 

2».  k.  1).  kryler.  1. lit  its  »-.f  In  I’lelt'tix.  I)»\ic*>  «»n 
t  lie  Inf*  Umil’ilitN  ol  sprit  1 1  Hi  Yol-I  f .  A'  (••('/.  StU  . 
Am.  IS.  II -VII 7  .  1  «•■!«>  . 

21.  T.  S.  knru.  I  dle,  t  ol  I’suk.  'l  ^F  .1  !-•  tlk.it  k  on 

( iuiiM  rs.itinnal  Nois.-  !od»n.tion  in  h-eiiiv.  J.  Atoti'f. 
Sot  Am.  3fi,  7D>-7mI  IDA!’. 

2  A.  I.  M.  Piikett.  1. mnts  ol  Din  it  Spi»-t],  ( iotninnnii  a 
lion  in  Noise.  /.  Attmsr.  Set.  A»n  ■»().  27S-2S]  (  l'»"is'. 
2 J.  ( k  Wt  list*  r.  and  R.  < klmnpp.  Idietts  ot  Am- 

liiellt  \<I|S.’  ;iTlt  |  Ntail’N  l.tlk'?'-  i>:\  .1  t’.u  I  to-l-'.Hf  ('olio 

nnriit  atu»n  I  ask.  /.  .\co/vi'.  So,.  \o,.  .11. 

plf>2 

27  J.  M.  Piikett.  Idlfil.  ,.t  V.K.i!  It. It.  -ft  t‘,e  In¬ 
ti  lli'j  iilit\  of  Spt  .  ,  li  s  itjnd'  ./  . \  ,  * i*i •  r  v  .  Arx.  2S 

1  ii  1 2 iDAfi 

2^.  'f'alv  and  i ;  i\ »  . .  it  i  - 1  «*!  sp<  t  i.di/ec.l  lloxtri*' 

\«  'll!  -  i:  mi-  :i:<  ■  !  -  !•  r  \  o;,i  (  ’>  lillllill!::'  ,«-t  !■  '! : .  W  t  -!•  I  ’ , 

1  1-  It  \-  ,••]-!..  -  !  d-  *  *  •?>  Rr  ;•  (..?*•  ■  V.  A!  i 

<  ;*  .7  !•'».  I  ,  s  \  *  xl)'  II  ;  • 

:•».  k  n  kr*  •)  :.  M-  fk  to!  ••(.  f  tk  ■  ■  i. 0  .1  I  . 

.;«•  r  D  k  m  :  i  ■  \  .:!■  i  ,;n  e  :!:•  \i‘:<  -d  .  h.d.  x 

/.  \  r  •  •'  ^  •  \.-\  i  *  V'  i“n2  S*"-2 

•  !  :  ‘  W  !  i  !*:*.•  :  \  •.  n  v-;  I : . S  Hi* 

!  1  U  : ;  • ;  i  ■  ■  ..i  '.’-ItS, 

i  V..-  :  1  I!  \  \-i  1  \  U  p 

x_  i  »  \\  •  5  :  •  \  V  i  .  * : ;  l | 

i  ...  ;  \  ,  .  r.  s •••.’<  . 


Best  Available  Copy 


